expanding the definition, this statement indicates that normal physiologic blood loss after vaginal birth is greater than previously thought. Most research conducted before the 2014 revised definition considers the 500 mL or greater threshold, and therefore, reports on data from some women who have blood loss volumes in the 500 mL to 999 mL range, that would now be considered physiologic. Some studies on PPH prevention, when defined at 1000 mL or higher, have also found AMTSL or prophylactic oxytocin beneficial when compared with expectant management or placebo. 4, 15 However, other studies have reported no difference between groups at the 1000 mL threshold, [16] [17] [18] [19] particularly among women who have had a physiologic labor 20 or labors not stimulated by exogenous oxytocin. 21 The third stage of labor relies intrinsically on the maternal oxytocin release after birth, as it is a dominant hormone for uterine contraction. 22 Maternal positioning and putting the baby to breast to stimulate oxytocin release may assist the physiologic third stage. 20, 23, 24 A physiologic childbirth model was promoted and defined by the 2012 joint consensus statement of midwifery organizations in the United States. 25 The physiologic birth model emphasizes the importance of the innate biological forces of a woman's body as the basis for an evidence-based approach to safe low-risk birth. Included in the definition of normal physiologic childbirth is an expectation of physiologic postpartum blood loss; it also promotes delayed cord clamping and early breast-feeding (Box 1). However, the definition or quantity of physiologic blood loss is not provided by the statement, nor does it address AMTSL/ uterotonic medication use.
This study employs a latent class analysis procedure. Latent class analysis is a statistical technique, used to subdivide a study sample into naturally occurring but previously unknown classes or groups to help predict outcomes. 26 It has been used in other scientific/clinical fields, such as heart failure 27 and pelvic pain symptoms 28 in an attempt to identify distinct patterns within populations, rather than testing averages. To our knowledge, it has not been used to study PPH or other obstetric risk types. As maternal risk for PPH consists of many contributing characteristics; this approach allows for the identification of classes of women based on naturally occurring patterns among contributing characteristics. This differs from multivariate regression models that allow for simultaneous analysis of independent variables but not latent patterns among independent variables. The purpose of this paper is to examine risk for total postpartum blood loss, PPH, and blood transfusion, and evaluate
Box 1 Proposed Components of Physiologic Childbirth 24
Normal physiologic childbirth is one that is powered by the innate human capacity of the woman and fetus, and:
1. Is characterized by spontaneous onset and progression of labor; 2. Includes biologic and psychologic conditions that promote effective labor; 3. Results in the vaginal birth of the infant and placenta; 4. Results in physiologic blood loss; 5. Facilitates optimal newborn transition through skinto-skin contact and keeping the mother and infant together during the postpartum period; and 6. Supports early initiation of breastfeeding.
The following factors disrupt normal physiologic childbirth:
7. Induction or augmentation of labor; 8. An unsupportive environment (ie, bright lights, cold room, lack of privacy, multiple providers, lack of supportive companions); 9. Time constraints, including those driven by institutional policy and/or staffing; 10. Nutritional deprivation (eg, food and drink); 11. Opiates, regional analgesia, or general anesthesia; 12. Episiotomy; 13. Operative vaginal (vacuum, forceps) or abdominal (cesarean) birth; 14. Immediate cord clamping; 15. Separation of mother and infant and/or any situation in which the mother feels threatened or unsupported.
outcomes associated with AMTSL for women undergoing physiologic birth. We hypothesize that in accordance with the normal physiologic childbirth model: (a) Women with higher rates of physiologic childbirth will have lower PPH rates and (b) AMTSL in the third stage will not reduce postpartum blood loss outcomes for women with physiologic births.
| METHODS
De-identified data from a prospectively gathered birth repository attended by a nurse-midwifery faculty practice in the northwestern United States was analyzed. A waiver for Institutional Review Board approval was granted for this study. This repository contains detailed clinical outcomes for clients in 2012-2017. A data collection instrument was initiated at the first prenatal appointment, updated during intrapartum admission, at discharge, and finally at 6 weeks postpartum. Faculty and student nurse-midwives completed the data collection. Each variable was defined on a datasheet, aiding accuracy. Data were entered into REDCap software by paid staff. Data verification took place before analysis, examining discrepant blood loss data. Outcome variables include total blood loss, PPH defined as 500 mL or higher (to reflect the historic definition), and PPH 1000 mL or higher. Blood loss was reported by the attending certified nurse-midwife (CNM) as either estimated or measured (if weighed). We used the higher of the two when both were listed. The time frame for totaling blood loss varied depending on how long the CNM was present in the room before recording the total. General practice among attending CNMs was to remain present in the first 30-60 minutes after birth. Later PPH within the first 2 hours postpartum (before transfer to the postpartum unit) would be reflected in the total blood loss as well. Maternal hypovolemic symptoms were not recorded in the repository, though women with severe symptoms would have been offered blood transfusion. Blood transfusion was recorded on the instrument before patient discharge.
AMTSL was defined by the instrument as prophylactic oxytocin, controlled cord traction, and uterine massage after placental delivery. Another variable, "modified AMTSL," was defined in the instrument as oxytocin being given after the placenta was delivered, or no umbilical cord traction for expediting third stage. This was included due to individual practice variations in third stage management. Expectant management was considered the absence of either AMTSL or modified AMTSL. No data were collected in this data set specific to further uterotonic treatment for heavier bleeding beyond initial third stage management.
The sample was limited to live singleton, vaginal, and instrument-assisted vaginal births, 34 or more weeks of gestation. Variables relevant to physiologic childbirth were identified in the data set as presence, or absence, of: induction/augmentation methods, instrument-assisted delivery, estimated or measured blood loss, immediate skin-to-skin contact, early breastfeeding (within 30 minutes of birth), epidural or intravenous(IV) analgesia, episiotomy, cord-clamping timing, mother/infant separation, general diet during active labor, and IV fluids use (Table 1) .
Covariates included maternal age, body mass index, pregnancy weight gain, race, ethnicity, parity, gestational age, antepartum anemia, vaginal birth after cesarean, labor duration, genital tract lacerations, obstetric complications (fetal intolerance to labor, intrauterine growth restriction, dysfunctional labor, chorioamnionitis, gestational hypertension, preeclampsia/eclampsia, diabetes), and newborn Apgar scores.
After descriptive and bivariate analysis, step-wise, forwardsbackwards, generalized linear modeling (GLM) using a gamma distribution, determined physiologic childbirth variables and covariates significantly associated with total blood loss using Stata SE 15.1 (College Station, TX, USA). Gamma distribution was selected due to the significantly nonnormal total blood loss distribution (right skew). Variables were included in the latent class analysis if the P-value was <0.2 in the stepwise GLM. Variables occurring at <5% of the sample were not included in the GLM due to difficulties in fitting latent class analysis with low frequency data. Dropped from further analysis was the cord-clamping variable because these data were not collected before 2014. Latent class analysis was determined by best fitting structure comparing model fit parameters with MPlus 1.5(1) (Los Angeles, CA, USA), using procedures described by Ram and Grimm (2009) . 29 Model fit was tested for 2-7 possible
classes. Vuong-Lo-Mendell-Rubin likelihood ratio test (LRT), adjusted Lo-Mendell-Rubin LRT, and bootstrapped LRT test were considered along with model convergence (entropy close to 1), class size (more than 5% in each group), and the correct class assignment probability (posterior probabilities over 0.8). With a latent model identified, regression using class assignment as the predictor was performed for total blood loss, risk for PPH, and blood transfusion outcomes in Stata. Interactions of the latent class with AMTSL on total blood loss and risk for PPH were analyzed. Post hoc tests addressed variations in AMTSL procedure and risk for delayed placental delivery.
| RESULTS
After exclusions, 2322 vaginal births were included in the GLM and 15 physiologic birth and covariate factors met criteria to be considered in latent class analysis (Table 1) . Sample mean postpartum blood loss was 390 mL (± 295 mL) with a median of 300 mL. Rate of postpartum blood loss between 500-999 mL was n = 345 (14.9%), 93 women (4%) had 1000-2000 mL blood loss, and 13 (0.6%) had higher than 2000 mL. There were 42 blood transfusions in the sample
T A B L E 1 Generalized linear model regression on factors predicting total blood loss in 2322 hospital vaginal births attended by nurse- (1.8%). Management of third stage of labor was 24% (n = 558) "expectant management," 55.3% (n = 1283) "AMTSL," while 20.7% (n = 481) were labeled "modified AMTSL."
| Latent class model
Latent class analysis best fit the data with four classes. The classes represent 44.3%, 35.3%, 6.3%, and 14.2% of the sample. Fit statistics are as follows: final classes all higher than 5% of the sample, Entropy = 0.823, Posterior Probabilities = 0.90, 0.89, 0.86, 0.92, Vuong-Lo-MendellRubin LRT P < 0.00001, Lo-Mendell-Rubin adjusted LRT P < 0.00001, bootstrapped LRT P < 0.00001. Table 2 describes the relative characteristics of each class and third stage management, blood loss, and PPH outcomes. Overall, the four groups are clinically distinct. Class A (44%) was termed the "physiologic" class, identified by term births, lower average parity (30% nulliparous), and low proportions of labor dysfunction or multiple lacerations needing suturing. Class A women also had more physiologic birth elements including low IV fluid administration, general diet in active labor, early breastfeeding, and less oxytocin labor induction. Class B (35%), labeled the "dysfunctional" class, also included term births with low parity (76% nulliparous), but had higher induction rates, longer labors, more labor dysfunction, and more need for genital tract suturing, and lower proportions of the physiologic birth elements. Class C (6.3%), the "preterm" class, represented data from preterm births and had a higher percentage of women from non-European racial background, while Class D (14.2%), the "high multiparous" class, had more multiparous with greater than three prior births and Hispanic women ( Table 2) .
| Blood loss and PPH outcomes
GLM and logistic regression using the latent class determination on blood loss and PPH outcomes is shown in Table 3 .
Women in the "dysfunctional" class had higher rates of, and risk for, blood loss, PPH, and blood transfusion compared with women in the "physiologic" class ( Figure 1 ), whereas outcomes for "preterm" and "high multiparous" classes did not differ from the "physiologic" class. Interactions with performance of AMTSL were examined for the four outcomes as well (Table 4) .
According to interaction analyses, total blood loss and risk for PPH was differentially affected by class when considering AMTSL. In the main effects, not using AMTSL for women in the "dysfunctional" class was associated with 70.38 mL more bleeding (95% CI 29.41, 111.16) compared with the "physiologic" class. Risk for PPH (500 mL or higher) was 88% higher (OR = 1.88, 95% CI 1.29, 2.73) when not using AMTSL, in the main effects and the interaction term showed a 39% decrease in PPH for women in the "dysfunctional" class with AMTSL. In contrast, for women in the "physiologic" class, AMTSL may have had an adverse effect on blood loss outcomes. AMTSL used in the "physiologic" class was associated with higher total bleeding (64.02 mL) (95% CI 30.16-97.89) and increased risk for both PPH at ≥500 mL (OR = 1.96, 95% CI 1.41-2.72) or ≥1000 mL (OR = 2.74, 95% CI 1.36-5.52). AMTSL did not influence risk for blood transfusion in any class.
Another driver of total blood loss was tissue trauma, and need for suturing. Notably, "dysfunctional" class had the highest number of women needing two or more lacerations sutured (40%), and low numbers having no suturing needed (13%), which likely contributed to elevated blood loss in this class.
| Post hoc analysis 1: retained placenta
While third stage length was an important driver of overall blood loss, in the sample, third stage over 30 minutes was infrequent (n = 93/4%). In the "physiologic" class, third stage over 30 minutes was higher among women with AMTSL (n = 20, 4.4%) than without (n = 11, 1.9%, P = 0.02). Post hoc interaction analyses (Table 5) examined the role of AMTSL on a third stage lasting over 30 minutes within each class. Main effects showed that women in the "physiologic" class were at higher risk for retained placenta with AMTSL. The interaction terms (data not shown) showed a nonsignificant reduced risk of retained placenta for the "dysfunctional" class and the "high multiparous" classes when AMTSL was used. Figure 2 displays the statistically distinct relationship between length of third stage and blood loss in the "physiologic" class, trend lines represent AMTSL and expectant management. The relationship between third stage length and bleeding quantity was stronger for women undergoing AMTSL in the "physiologic" class.
T A B L E 1 (Continued)
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| Role of modified AMTSL practice
As mentioned, midwives in the practice recorded if a modified version of AMTSL was performed at the birth. The effect of this alternative practice was controlled for in the model (Table 4) . PPH risk (≥500 mL) for women in the "physiologic" class with AMTSL was 3.53 times higher and 5.20 times higher for ≥1000 mL while controlling for modified AMTSL. Modified AMTSL was also independently associated with increased risk for PPH (≥500 mL). Interaction terms were nonsignificant (data not shown) but followed the trend for AMTSL in the "dysfunctional" class conferring lowering risk (OR 0.78, 95% CI 0.47-1.27).
| DISCUSSION
The purpose of this study was to examine risk for postpartum blood loss, PPH, and blood transfusion using a latent class analysis, and to test the role of AMTSL on the outcomes. Both hypotheses were supported by the results. (a) Women with higher rates of physiologic childbirth did have lower rates of PPH/blood transfusion, and (b) prophylactic oxytocin in the third stage did not improve postpartum blood loss outcomes (total blood loss, rates of PPH) for women with physiologic births. Unexpectedly, use of AMTSL for women undergoing a more physiologic and less complicated birth ("physiologic" class), was associated with higher risk for PPH and higher odds for prolonged third stage labor.
There are several sources of postpartum bleeding and more than one of them may occur, resulting in a total blood loss that meets criteria for PPH. Assuming normal coagulation pathways, a retained placenta, uterine atony, and/or genital trauma all could potentiate blood loss. Partially mitigating some blood loss from uterine atony or expediting the third stage with AMTSL benefits women who are most at risk for cumulative PPH from complicated, prolonged labors. 9, 30 However, according to these data, for women undergoing a nonpathologic labor, who have been mostly orally nourished in labor and experienced lower rates of genital tract trauma, the role of AMTSL may be less beneficial, raise PPH risk, or may increase the length of third stage labor.
One possible reason for this finding is that the midwife attending the birth identified some other indication or risk factor and recommended AMTSL. For example, a history of PPH was not part of the data collection tool, and could have been an important clinical consideration at the time of birth. Alternatively, heavy bleeding at birth from genital trauma may have been interpreted as uterine bleeding and AMTSL recommendedthus the link between AMTSL and higher PPH outcomes.
Current clinical recommendations, based on compelling meta-analyses of randomized controlled trial data show reduced PPH with oxytocin administration or AMTSL. 4, 20 However, the generalizability of these meta-analyses outcomes to women undergoing a physiologic birth, or one not stimulated by exogenous oxytocin has been questioned in the literature. 21 Data from the current study contribute to knowledge about PPH prevention in lower-risk populations, but alone cannot recommend for practice changes until further randomized trials specifically address this question. Conceptually, a physiologic blood loss should follow a physiologic birth, as introduced by the midwifery consensus statement. Yet, despite lower complicated birth rates and overall less genital tract trauma in the "physiologic" class, some women still experienced either a delayed placental delivery (3%, n = 31) or PPH ≥1000 mL (3.6%, n = 37). The possibility that prophylactic oxytocin or AMTSL can increase rates of retained placenta has been addressed in two Cochrane meta-analysis papers. 4, 20 Both reports found nonsignificant increases in manual removal of placenta with prophylactic oxytocin/AMTSL compared with no uterotonic or expectant management. Notably, participants in these studies were of varied risk and intrapartum care (induction, augmentation). The possible mechanisms by which AMTSL could increase the possibility of retained placenta are not clear. One hypothesis is that in the setting of a physiologically stimulated process, a supraphysiologic dose of synthetic oxytocin could lead to partial detachment or trapping the placenta with early cervical closure.
Other observational studies of low-risk women receiving institutional midwifery care have noted increased PPH with AMTSL. 31, 32 These studies report a physiologic approach to third stage labor management (delayed cord clamping, draining the placenta after cutting the cord, not administering routine uterotonic, and using gravity or gentle cord traction for placental expulsion). Rates of PPH ≥1000 mL were 2-fold higher in women having AMTSL in one study, 31 and PPH rates and manual removal of the placenta were increased with AMTSL in the other. 32 This points to the idea that not all interventions benefit all laboring women equally, even if randomized controlled trials show an average difference. Using the latent class approach examines subgroups of women (rather than averages) and could help clinicians counsel women on their collective risk profile. Most studies on AMTSL have not considered the role of early breastfeeding on third stage labor outcomes. Early breastfeeding promotes uterine involution through endogenous oxytocin release. 33, 34 In our study, women in the "dysfunctional" class had lower rates of early breastfeeding and higher rates of PPH. This is consistent with a study that found a reduction of PPH with early contact and breastfeeding among women. 24 Interestingly, this paper also noted increased PPH when AMTSL was used. A similar study examined "psychophysiologic care" and a hands-off approach to the third stage while ensuring skin-to-skin contact and breastfeeding when possible 35 also reported low PPH rates. For our data, however, an alternative explanation is that those already experiencing early heavy postpartum blood loss or undergoing significant laceration repair may have been unable to latch the infant within 30 minutes after birth; therefore the effect of early latching on reducing blood loss should continue to be studied. An assumption that birth care providers make in supporting a physiologic third stage is that the maternal pituitary will secrete oxytocin after birth. One study from 1988 challenged this premise, using serial blood samples (obtained every 30 seconds from crowning of the fetal head until 15 minutes after birth) of 25 spontaneously laboring women. 36 Third stage management included immediate cord clamping and modified Brandt-Andrews technique. Ten women received an intramuscular synthetic oxytocin and ergotamine injection immediately after birth and 15 women did not have the injection. Only 6 of the 15 expectantly managed women had a surge in their oxytocin levels that was "similar" to those who had injections. In all, the authors concluded that prophylaxis should be administered to all women. However, perineal trauma, epidural, skin-to-skin contact, early breastfeeding, maternal positioning, or gravitational forces were not specified. Further examination of third stage oxytocin secretion in the setting of early breastfeeding and delayed cord clamping is needed.
PPH prevention should be considered throughout labor and postpartum, not focused on the minutes between newborn and placental delivery or the first PP hour. Attention to maternal nutrition and hydration will help support effective uterine muscle contraction. 37 Minimizing synthetic oxytocin use and considering decreasing or discontinuing use when active effective labor is established may help maximize oxytocin receptor availability such that women's uteri can respond to endogenous or exogenous postpartum oxytocin. [38] [39] [40] Strategies for prevention or quick repair of genital tract trauma should be a priority; 41 as it may be an overlooked driver of blood loss. 42 Finally, encouraging endogenous oxytocin release by assisting with early breastfeeding deserves further study. This study has several strengths including a large sample size and use of latent class analysis for identifying risk using clinically relevant phenotypes of laboring women. Data were collected prospectively and included details of intrapartum care relevant to physiologic birth. Limitations of this study are that it describes women seeking midwifery care in the northwestern United States, limiting generalizability. The PPH rate was higher than other midwifery cohort studies, 32, 35 which may indicate higher-risk parturient women. Other limitations include not having data about women's symptoms of hypovolemia in the data collection nor a total 24-hour blood loss. In addition, there was incomplete data on cord clamping and the exact timing of uterotonic administration was not recorded. Finally, low rates of certain pregnancy/labor complications precluded them from inclusion in the latent model. Replication of this study in more diverse data sets would help evaluate pregnancy-related complications and PPH outcomes.
In conclusion, risk for PPH is a multifaceted concept that deserves more attention through analyses that consider the distinctions between laboring women and intrapartum and physiologic birth characteristics. More research is needed on the effect of AMTSL and/or prophylactic oxytocin, particularly within the context of physiologic childbirth.
